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DESCRIPTION 



METHOD AND APPARATUS FOR PRODUCING DIMETHYL CARBONATE 

5 Technical Field 

The present invention relates to a method and 
apparatus for producing dimethyl carbonate. 

Background Art 

10 Dimethyl carbonate can be produced, for example, by 

method 1 and method 2 described below. 
(Method 1) 

Figure 5 is a diagram for illustrating method 1 using 
a steam reformer system. The numerical value noted along 
15 each line etc. in Figure 5 designates a carbon (C) number 

introduced into a plant or transferred from device to device. 



reformed by an endothermic reaction in a steam reformer 1 to 
yield a synthesis gas comprising CO, C0 2 and H 2 , and 

20 methanol (CH 3 OH) is synthesized by using this synthesis gas 
in a methanol synthesizing device 2. At this time, a large 
quantity of C0 2 gas is discharged from combustion exhaust 
gas of the steam reformer 1 and a boiler, not shown. Next, 
the synthesized methanol is transported to a dimethyl 

25 carbonate (DMC) synthesizing place, where dimethyl carbonate 



First, natural gas containing steam etc. is steam 
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is produced by adding carbon monoxide (CO) and oxygen (0 2 ) 
to the DMC . 

In the case of method 1, for example, if natural gas 
corresponding to carbon number 300 is used, a synthesis gas 
5 containing CO, C0 2 and H 2 corresponding to carbon number 200 
is used to synthesize methanol, and C0 2 corresponding to 
carbon number 100 is discharged as combustion exhaust gas of 
the steam reformer 1 and the boiler, so that C0 2 of carbon 
number 110 is discharged by adding unreacted C0 2 (carbon 

10 number 10) from the methanol synthesizing system. Also, in 
the separate DMC synthesizing place, methanol of carbon 
number 190 is used for DMC synthesis together with CO and 0 2 , 
and finally DMC of carbon number 95 x 3 is produced. In 
method 1, DMC is produced from methanol by the following 

15 reaction: 

CO + (1/2) 0 2 + 2CH 3 OH CH3OCOOCH3 + H 2 0 
(Method 2) 

Figure 6 is a diagram for illustrating method 2 using 
a steam reformer plus a partial oxidation system. Compared 
20 with method 1, method 2 is characterized in that a partial 
oxidation furnace 3 is arranged on the upstream side of the 
methanol synthesizing device 2 and partial oxidation is 
performed by the oxidation furnace 3 to synthesize methanol. 
Also, as a specific method for producing dimethyl 
25 carbonate, a technique has been known, for example, in which 
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dimethyl ether and carbon dioxide are allowed to react with 
each other in the presence of alkali metallic salt and 
methyl iodide, by which dimethyl carbonate is produced 
without impairing the activity of catalyst (Japanese Patent 
5 Provisional Publication No. 11-80096 (No. 80096/1999)). 

Disclosure of the Invention 

In the above-described technique, in producing 
methanol, the quantity of heat necessary for steam 

10 reformation of natural gas is provided by an external 
heating burner, and also C0 2 is discharged in large 
quantities in addition to exhaust gas of a boiler, not shown. 
Therefore, this technique has environmental problems. Also, 
since methanol and DMC are produced at separate places, in 

15 producing DMC, the synthesized methanol must be transported 
to the DMC production place using a vehicle etc. Therefore, 
the conventional technique has a problem of inferior 
workability. 

The present invention has been made in view of the 
20 above circumstances, and accordingly an object thereof is to 
provide a method and apparatus for producing dimethyl 
carbonate, in which carbon dioxide is recovered from 
combustion exhaust gas of a steam reformer and a boiler; 
some of the recovered carbon dioxide is used for methanol 
25 synthesis as a raw material for the steam reformer; and the 
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remaining carbon dioxide is allowed to react with some of 
the yielded methanol to synthesize dimethyl carbonate; by 
which C0 2 , which has conventionally been discharged, is 
returned to the steam reformer and is used effectively to 
5 produce DMC, and also a device for producing methanol and/or 
DMC can be simplified. 

A first aspect of the present invention provides a 
method for producing dimethyl carbonate in which a synthesis 
gas mainly consisting of hydrogen, carbon monoxide, and 

10 carbon dioxide is synthesized by supplying raw material 

hydrocarbon and steam to a reformer of an external heating 
system; methanol is synthesized by allowing the synthesis 
gas to react over a catalyst; and dimethyl carbonate is 
produced by adding carbon dioxide to the methanol, 

15 characterized in that carbon dioxide in combustion exhaust 
gas discharged from a combustion radiation section for 
heating a reaction tube of the reformer is recovered; some 
or all of the recovered carbon dioxide is mixed in the raw 
material hydrocarbon to synthesize methanol; and all or some 

20 of the remaining carbon dioxide is added to the synthesized 
methanol to synthesize dimethyl carbonate. 

A second aspect of the present invention provides an 
apparatus for producing dimethyl carbonate, comprising: 

a reformer of an external heating system including a 

25 steam reforming reaction tube and a combustion radiation 
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section arranged around the reaction tube, which synthesizes 
a synthesis gas containing carbon monoxide and carbon 
dioxide by supplying raw material hydrocarbon and steam; 

a methanol synthesizing means for synthesizing 
5 methanol by allowing the synthesis gas to react over a 
catalyst; and 

a dimethyl carbonate producing means for producing 
dimethyl carbonate by adding carbon dioxide to the 
synthesized methanol, wherein the apparatus for producing 
10 dimethyl carbonate comprises.: 

a carbon dioxide recovering device for recovering 
carbon dioxide in combustion exhaust gas discharged from the 
combustion radiation section of the reformer; 

a mixing means of the recovered carbon dioxide in the 
15 raw material hydrocarbon, in which some or all of the 
recovered carbon dioxide is mixed in the raw material 
hydrocarbon to synthesize methanol; and 

a mixing means of the recovered carbon dioxide in 
methanol, in which all or some of the remaining carbon 
20 dioxide is added to the synthesized methanol to synthesize 
dimethyl carbonate . 

Hereunder, the present invention is explained in more 
detail with reference to an embodiment. The scope of the 
present invention is not restricted by this embodiment. 
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Brief Description of the Drawings 

Figure 1 is a diagram for illustrating a dimethyl 
carbonate producing method of a steam reformer system in 
accordance with example 1 of the present invention; 
5 Figure 2 is a diagram for illustrating a dimethyl 

carbonate producing method of a steam reformer and partial 
oxidation system in accordance with example 2 of the present 
invention; 

Figure 3 is a diagram for illustrating a dimethyl 
10 carbonate producing method of a steam reformer system in 
accordance with example 3 of the present inventions- 
Figure 4 is a diagram for illustrating a dimethyl 
carbonate producing method of a steam reformer plus partial 
oxidation system in accordance with example 4 of the present 
15 inventions- 
Figure 5 is a diagram for illustrating a dimethyl 
carbonate producing method of a steam reformer system in 
accordance with method 1; and 

Figure 6 is a diagram for illustrating a dimethyl 
20 carbonate producing method of a steam reformer and partial 
oxidation system in accordance with method 2. 

In the figures, reference numeral 10 denotes a steam 
reformer, 11 denotes a reaction tube, 12 denotes a 
combustion radiation section, 13 denotes a convection 
25 section, 14 denotes a C0 2 recovering device, 15 and 17 



V 

denote a compressor, 16, 18 and 20 denote a pipe, 19 denotes 
a partial oxidation furnace, 21 denotes a stack, and 22 
denotes a burner, respectively. 

5 Best Mode for Carrying -Out the Invention 

A specific embodiment of a dimethyl carbonate 
producing method in accordance with the present invention 
will now be described with reference to the accompanying 
drawings . 

10 The present invention has been made by focusing 

attention on C0 2 in combustion exhaust gas which has been 
discharged conventionally from both a steam reformer and a 
boiler, and by focusing attention on the fact that methanol 
and dimethyl carbonate have conventionally been produced by 

15 two independent systems. Specifically, in the present 

invention, C0 2 is utilized effectively by recovering all 
C0 2 ; some of which is returned to the steam reformer, while 
the remaining C0 2 is utilized for dimethyl carbonate 
synthesis. Further, in the present invention at least one 

20 of methanol and dimethyl carbonate is produced by one system 
by utilizing the fact that dimethyl carbonate is synthesized 
based on methanol. 

In the present invention, it is preferable that the 
synthesized synthesis gas be partially oxidized by a partial 

25 oxidation furnace, and then methanol be synthesized over a 
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catalyst . By this treatment, the quantity of oxygen 
introduced into the partial oxidation furnace can be saved 
corresponding to the quantity of the recovered C0 2 . 

In the present invention, it is preferable that carbon 
5 dioxide used for at least one of the methanol synthesis and 
the dimethyl carbonate synthesis be carbon dioxide recovered 
from combustion exhaust gas discharged from a combustion 
radiation section for heating a reaction tube of the 
reformer and/or carbon dioxide recovered from combustion 

10 exhaust gas discharged from a boiler for producing steam 
used for synthesis of the synthesis gas or a boiler for 
producing steam used for a steam turbine for a compressor 
for compressing the carbon dioxide, namely, a boiler . 
existing in the system. By doing this, carbon dioxide in 

15 combustion exhaust gas discharged from the boiler in the 

system can be used effectively in the system as a valuable 
substance, and moreover the quantity of carbon dioxide 
released into the atmosphere is reduced significantly. 
Therefore, this method can contribute greatly to global 

20 environmental conservation from the viewpoint of prevention 
of global warming. 

In the present invention, it is preferable that carbon 
dioxide used for at least one of the methanol synthesis and 
the dimethyl carbonate synthesis be carbon dioxide recovered 

25 from combustion exhaust gas discharged from an exhaust heat 
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recovery section for heating the reaction tube of the 
reformer and/or carbon dioxide sent from the outside of the 
system. Thereby, carbon dioxide can be utilized effectively. 
In the present invention, it is preferable that some 
5 of the synthesized methanol be used for the dimethyl 

carbonate synthesis, and some thereof be left as it is, by 
which methanol and dimethyl carbonate be produced at the 
same time. 

In the present invention, methanol and dimethyl 

10 carbonate can be produced by appropriately changing the 

production ratio between methanol and dimethyl carbonate. 
Therefore, the production volumes of methanol and dimethyl 
carbonate can be adjusted according to the demands: for 
example, only methanol can be produced, or both of methanol 

15 and dimethyl carbonate can be produced. 

In an apparatus for producing dimethyl carbonate in 
accordance with the present invention, it is preferable that 
there be provided a carbon dioxide recovering device for 
recovering carbon dioxide from combustion exhaust gas 

20 discharged from the boiler in the system, and further a 
carbon dioxide supplying means for supplying the carbon 
dioxide recovered from combustion exhaust gas discharged 
from the boiler to use the carbon dioxide for at least one 
of the methanol synthesis and the dimethyl carbonate 

25 synthesis. 
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In the above-described apparatus for producing 
dimethyl carbonate, it is preferable that there be further 
provided a carbon dioxide supplying means for supplying 
carbon dioxide, which is received from the outside of the 
5 system, to the methanol synthesizing means and/or the 
dimethyl carbonate synthesizing means. 

In the above-described apparatus for producing 
dimethyl carbonate, the methanol synthesizing means 
preferably includes an out-of-system sending means for 
10 sending methanol to the outside of the system and an in- 
system sending means - for sending methanol to the dimethyl 
carbonate synthesizing means. 

The present invention offers the following advantages: 
(1) Since all C0 2 , which has been discharged 
15 conventionally, is recovered, some of the C0 2 being returned 
to the steam reformer 11, and the remaining C0 2 being used 
to produce DMC, C0 2 can be utilized effectively, and hence 
the raw material cost in the production cost of DMC can be 
saved. 

20 (2) Since H 2 in off gas including CO, C0 2 and H 2 can be 

used as a raw material for methanol synthesis, the offgas 
can be utilized effectively. 

(3) Since methanol and DMC are not produced in two 
plants at separate places in contrast to the conventional 

25 example, being produced in one plant at one place, whereby 
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there is no need for transporting methanol, which is a raw 
material for DMC, using a vehicle etc. in producing DMC, and 
also a tank etc. for storing methanol is not needed. 
Therefore, an apparatus for producing methanol and DMC can 
5 be set up with a minimum of piping, so that the apparatus 
can be simplified. 

(4) By adjusting the quantity of methanol used for DMC 
synthesis, the production volumes of methanol and DMC can be 
set appropriately according to the demand. 

10 (5) If an oxygen-blowing partial oxidation furnace is 

used, the quantity of oxygen introduced into the partial 
oxidation furnace can be saved corresponding to the quantity 
of the recovered C0 2 • 

According to the present invention described above in 

15 detail, carbon dioxide is recovered from combustion exhaust 
gas of the steam reformer and the boiler, and some of the 
recovered carbon dioxide is used for the methanol synthesis 
as a raw material for the steam reformer, and the remaining 
carbon dioxide is allowed to react with some of the yielded 

20 methanol to synthesize dimethyl carbonate. Thereby, there 
can be provided a method and apparatus for producing 
dimethyl carbonate in which C0 2 , which has conventionally 
been discharged, is returned to the steam reformer and is 
used effectively to produce DMC, and also devices for 

25 producing methanol and DMC can be simplified. 
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Hereunder, a method for producing dimethyl carbonate 
in accordance with the present invention is explained in 
more detail with reference to examples. The present 
invention is not restricted by these examples. 
5 Examples 

(Example 1) 

Example 1 is explained with reference to Figure 1. 
Example 1 is an example in which DMC and methanol are 
produced at the same time by a steam reformer system. A 

10 numerical value noted along each line etc. in Figure 1 

designates a carbon (C) number introduced into a plant or 
transferred from step to step in the plant. 

A steam reformer 10 of an external heating system 
includes a steam reforming reaction tube 11 in which, for 

15 example, a nickel-based catalyst is charged, a combustion 
radiation section 12 arranged around the reaction tube 11, 
and a convection section 13. The convection section 13 is 
connected with a carbon dioxide (C0 2 ) recovering device 14 
and a stack 21. Reference numeral 22 in Figure 1 denotes a 

20 burner (combustor) . 

First, natural gas containing methane etc, is steam 
reformed by endothermic reaction using steam in the steam 
reformer 10 to yield a synthesis gas consisting of CO, C0 2 
and H 2 , and methanol (CH3OH) is synthesized by using this 

25 synthesis gas as a raw material. At this time, a large 
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quantity of C0 2 is discharged from combustion exhaust gas of 
the steam reformer 10 and a boiler, not shown. All of the 
C0 2 is recovered, some of the C0 2 being returned to the 
steam reformer 10 through a pipe 16 by a compressor 15, and 
5 the remaining C0 2 being used for DMC synthesis after being 
allowed to pass through a pipe 18 by a compressor 17. On 
the other hand, dimethyl carbonate is produced by the 
synthesized methanol and the C0 2 sent through the pipe 18. 

In the case of example 1, for example, if natural gas 

10 corresponding to carbon number 300 is used, the synthesis 
gas containing CO, C0 2 and H 2 etc., which corresponds to 
carbon number 220, is used for methanol synthesis, and on 
the other hand, natural gas corresponding to carbon number 
100 is burned by the burner 22 to form combustion exhaust 

15 gas. Of the C0 2 recovered by the C0 2 recovering device 14, 
C0 2 corresponding to carbon number 20 is returned to the 
steam reformer 10, and C0 2 corresponding to carbon number 90 
is used for DMC synthesis. Also, of the synthesized 
methanol corresponding to carbon number 210, methanol 

20 corresponding to carbon number 180 is used for DMC synthesis, 
and methanol corresponding to carbon number 30 is obtained 
as methanol itself. The C0 2 corresponding to carbon number 
10 is combined with the C0 2 in the exhaust gas, and C0 2 
corresponding to total carbon number 110 is recovered. The 

25 methanol corresponding to carbon number 180 and the 
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aforementioned C0 2 corresponding to carbon number 90 are 
used for DMC synthesis, and resultantly DMC corresponding to 
carbon number 90 x 3 and methanol corresponding to carbon 
number 30 are produced at the same time. Reaction formulas 
5 for the steam reforming reaction (synthesis gas producing 
reaction) and reactions for producing methanol and DMC in 
example 1 are as follows: 
Steam reforming reaction 
CH 4 + H 2 0 — > CO + 3H 2 
10 CH 4 + 2H 2 0 -» C0 2 + 4H 2 

Methanol synthesis reaction 

CO + 2H 2 -» CH 3 OH 
C02 + 3H 2 CH3OH + H 2 0 
DMC synthesis reaction 

15 2CH 3 0H + C0 2 CH3OCOOCH3 + H 2 0 

As shown in Figure 1, an apparatus for producing 
dimethyl carbonate in accordance with example 1 has a 
configuration including the steam reformer 10 having the 
steam reforming reaction tube 11 , the combustion radiation 

20 section 12 arranged around the reaction tube 11, and the 
convection section 13, and also including methanol 
synthesizing means for synthesizing methanol by allowing the 
synthesis gas mainly consisting of carbon monoxide and 
carbon dioxide to react over a catalyst; a dimethyl 

25 carbonate producing means for producing dimethyl carbonate 
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by adding carbon dioxide to the synthesized methanol; a 
carbon dioxide recovering device 14 connected to the 
convection section 13 of the reformer 10 to recover carbon 
dioxide in combustion exhaust gas discharged from the 
5 combustion radiation section 12; means for mixing the 

recovered carbon dioxide in a source gas, in which some or 
all of the recovered carbon dioxide is mixed in the source 
gas to synthesize methanol; and means for mixing the 
recovered carbon dioxide in methanol, in which all or some 
10 of the remaining carbon dioxide is added to the synthesized 
methanol to synthesize dimethyl carbonate. 

The above-described example 1 achieves the following 
effects : 

(1) Since all C0 2 , which has been discharged 
15 conventionally, is recovered, some of the C0 2 being returned 
to the steam reformer 11, and the remaining C0 2 being used 
to produce DMC, C0 2 can be utilized effectively, and hence 
the raw material cost in the production cost of DMC can be 
saved. 

20 (2) Since methanol and DMC are not produced in two 

plants at separate places in contrast to the conventional 
example, being produced in one plant at one place, whereby 
there is no need for transporting methanol, which is a raw 
material for DMC, using a vehicle etc. in producing DMC, and 

25 also a tank etc. for storing methanol is not needed. 
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Therefore, an apparatus for producing methanol and DMC can 
be set up with a minimum of piping, so that the apparatus 
can be simplified. 

(3) By adjusting the quantity of methanol used for DMC 
5 synthesis, the production volumes of methanol and DMC can be 
set appropriately according to demand. 
(Example 2) 

Example 2 is explained with reference to Figure 2. 
Example 2 is an example in which DMC and methanol are 

10 produced at the same time by a steam reformer and partial 

oxidation system. A numerical value noted along a line etc. 
in Figure 2 designates a carbon (C) number transferred from 
step to step in a plant. Also, the same reference numerals 
are applied to elements that are the same as those in Figure 

15 1, and the explanation of these elements is omitted. 

Reference numeral 19 in Figure 2 denotes an oxygen- 
blowing partial oxidation furnace arranged on the upstream 
side of a methanol synthesizing device, not shown. First, 
after natural gas such as methane has been steam reformed by 

20 . endothermic reaction using steam in the steam reformer 10, 
methanol (CH 3 OH) is synthesized by using a synthesis gas, 
which is subjected to partial oxidation in the partial 
oxidation furnace 19 by using the steam and 0 2 , as a raw 
material. At this time, a large quantity of C0 2 is 

25 discharged from combustion exhaust gas of the steam reformer 
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10 and the boiler, not shown. All of the C0 2 is recovered, 
some of the C0 2 being returned to the steam reformer 10 
through the pipe 16 by the first compressor 15, and the 
remaining CO2 being used for DMC synthesis after being 
5 allowed to pass through the pipe 18 by the second compressor 
17. Also, dimethyl carbonate is produced by the synthesized 
methanol and the C0 2 , the C0 2 being sent through the pipe 18. 

In the case of example 2, for example, if natural gas 
corresponding to carbon number 300 is used, H 2 derived from 

10 the synthesis gas corresponding to carbon number 220, which 
has passed through the partial oxidation furnace 19, is used 
for methanol synthesis, and also natural gas corresponding 
to carbon number 90 is burned by the burner 22 to form 
combustion exhaust gas. Of the C0 2 recovered by the C0 2 

15 recovering device 14, C0 2 corresponding to carbon number 10 
is returned to the steam reformer 10, and C0 2 corresponding 
to carbon number 90 is used for DMC synthesis. Also, of the 
synthesized methanol, methanol corresponding to carbon 
number 210 is used for DMC synthesis and the recovery of 

20 methanol itself, and C0 2 corresponding to carbon number 10 
is used for recovery. The methanol corresponding to carbon 
number 180 and the above-mentioned C0 2 corresponding to 
carbon number 90 are used for DMC synthesis, and resultantly 
DMC corresponding to carbon number 90 x 3 and methanol 

25 corresponding to carbon number 30 are produced at the same 
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time . 

The above-described example 2 achieves an effect 
described below in addition to the effects of items (1), (2) 
and (3) achieved by example 1. Since partial oxidation is 
5 carried out by the partial oxidation furnace 19, as given in 
Table 1, shown later, the quantity of oxygen necessary for 
partial oxidation can be decreased to 90 as compared with 
the case where the quantity of oxygen in the conventional 
method 2 is taken as 100. Therefore, the quantity of oxygen 
10 introduced into the partial oxidation furnace 19 can be 
saved. 
(Example 3) 

Example 3 is explained with reference to Figure 3. 
Example 3 is an example in which only DMC is produced by a 

15 steam reformer system. The numerical value noted along each 
line etc. in Figure 3 designates a carbon (C) number 
transferred from step to step in a plant. Also, the same 
reference numerals are applied to elements that are the same 
as those in Figure 1, and the explanation of these elements 

20 is omitted. 

First, natural gas containing methane etc. is steam 
reformed by endothermic reaction using steam in the steam 
reformer 10 to form a synthesis gas, and methanol (CH 3 OH) is 
synthesized by .using the synthesis gas as a raw material. 

25 At this time, a large quantity of C0 2 is discharged from 
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combustion exhaust gas of the steam reformer 10 and the 
boiler, not shown. All of the C0 2 is recovered, some of the 
C0 2 being returned to the steam reformer 10 through the pipe 
16 by the first compressor 15, and the remaining C0 2 being 
5 used for DMC synthesis after being allowed to pass through 
the pipe 18 by the second compressor 17. On the other hand, 
DMC is produced by all of the synthesized methanol, the C0 2 
sent through the pipe 18, and C0 2 obtained from the outside 
through a pipe 20. 

10 In the case of example 3, for example, if natural gas 

corresponding to carbon number 300 is used, the synthesis 
gas containing CO, C0 2 and H 2 , which corresponds to carbon 
number 220, is used for methanol synthesis, and also natural 
gas corresponding to carbon number 100 is burned by the 

15 burner 22 to form combustion exhaust gas. Of the C0 2 

recovered by the C0 2 recovering device 14, C0 2 corresponding 
to carbon number 20 is returned to the steam reformer 10, 
and C0 2 corresponding to carbon number 90 is used for DMC 
synthesis. Also, of the synthesized methanol, methanol 

20 corresponding to carbon number 210, the aforementioned C0 2 

corresponding to carbon number 90, and the C0 2 sent from the 
outside, which corresponds to carbon number 15, are used for 
DMC synthesis. Resultantly, DMC corresponding to carbon 
number 105 x 3 is produced. 

25 According to the above-described example 3, in 
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addition to the effects of items (1) and (2) described in 
example 1, an effect that excess C0 2 discharged in other 
plants etc. is received and can be utilized effectively can 
be achieved. 
5 (Example 4) 

Example 4 is explained with reference to Figure 4. 
Example 4 is an example in which only DMC is produced by a 
steam reformer and partial oxidation system. A numerical 
value noted along each line etc. in Figure 4 designates a 
10 carbon (C) number of a plant. Also, the same reference 

numerals are applied to elements that are the same as those 
in Figure 1, and the explanation of these elements is 
omitted. 

First, after natural gas containing methane etc. has 
15 been steam reformed by endothermic reaction using steam in 
the steam reformer 10, methanol (CH 3 0H) is synthesized by 
using a synthesis gas, which is subjected to partial 
oxidation in the partial oxidation furnace 19 by using the 
steam and 0 2f as a raw material. At this time, a large 
20 quantity of CO2 is discharged from combustion exhaust gas of 
the steam reformer 10 and the boiler, not shown. All of the 
C0 2 is recovered, some of the C0 2 being returned to the 
steam reformer 10 through the pipe 16 by the first 
compressor 15, and the remaining C0 2 being used for DMC 
25 synthesis after being allowed to pass through the pipe 18 by 
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the second compressor 17. Also, dimethyl carbonate is 
produced by the synthesized methanol and the C0 2 sent 
through the pipe 18. 

In the case of example 4, for example, if natural gas 
5 corresponding to carbon number 300 is used, H 2 from the 

synthesis gas corresponding to carbon number 220, which has 
passed through the partial oxidation furnace 19, is used for 
methanol synthesis, and also C0 2 is recovered from 
combustion exhaust gas corresponding to carbon number 90. 

10 Of the recovered C0 2 , C0 2 corresponding to carbon number 10 
is returned to the steam reformer 10, and C0 2 corresponding 
to carbon number 90 is used for DMC synthesis. Of the 
synthesized methanol, methanol corresponding to carbon 
number 210, the aforementioned C0 2 corresponding to carbon 

15 number 90, and C0 2 sent from the outside are used for DMC 

synthesis. Resultantly, DMC corresponding to carbon number 
105 x 3 is produced. 

According to the above-described example 4, in 
addition to the effects of items (1) and (2) described in 

20 example 1, an effect that excess C0 2 discharged in other 

plants etc. is received and can be utilized effectively can 
be achieved. Also, since partial oxidation is carried out 
by the partial oxidation furnace 19, as given in Table 1, 
shown later, the quantity of oxygen necessary for partial 

25 oxidation can be decreased to 90 as compared with the case 
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where the quantity of oxygen in the conventional method is 
taken as 100. Therefore, the quantity of oxygen introduced 
into the partial oxidation furnace 19 can be saved. 

Table 1 lists the quantity of discharged C0 2 , C0 2 /DMC 
5 (mole ratio) , and the quantity of oxygen necessary for 
partial oxidation in conventional methods (1), (2), and 
examples 1 to 4 . In Table 1, C0 2 /DMC (mole ratio) 
represents the quantity of discharged C0 2 per one mole of 
product DMC. 
10 [Table 1] 







Quantity of 
discharged C0 2 , 
C0 2 /DMC (mole 
ratio) 


Quantity of 
oxygen 

necessary for 

partial 

oxidation 


Method 1 


Steam reformer 
(production of 
DMC) 


1.16 




Method 2 


Steam reformer 
(production of 
DMC) 


1.00 


100 


Example 1 


Steam reformer 
(production of 
methanol and 
DMC) 


0 




Example 2 


Steam reformer 
plus partial 
oxidation 
(production of 
methanol and 
DMC) 


0 


90 


Example 3 


Steam reformer 
(production of 


-0.14 
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DMC) 






Example 4 


Steam reformer 
plus partial 
oxidation 
(production of 
DMC) 


-0. 14 


90 



As shown in Table 1, the following are clarified. 

(1) C0 2 /DMC (mole ratio) is C0 2 /DMC = 110/95 » 1.16 
5. for method 1 and CO2/DMC = 100/100 = 1.00 for method 2, 

whereas C0 2 /DMC (mole ratio) is C0 2 /DMC = -15/105 « -0.14 
(since CO2 is introduced from the outside, the minus sign is 
used) for example 3 and example 4. 

(2) For example 2 and example 4, the quantity of 

10 oxygen necessary for partial oxidation can be decreased as 
compared with method 2. Specifically, when the quantity of 
necessary oxygen in method 2 in which CO2 is not recovered 
is taken as 100, the quantity of oxygen can be decreased to 
90 in example 2 and example 4 because from CO2 recovered 

15 from combustion exhaust gas, C0 2 corresponding to carbon 
number 10 is returned to the steam reformer. 

The present invention has been explained above with 
reference to the embodiment and examples of the invention. 
These embodiment and examples are provided to simplify 

20 understanding of the present invention, and do not restrict 
the scope of the present invention. 



